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Received December 21, 2009; accepted June 2, 2010AbstractA prenatally diagnosed patient was referred to our hospital at 35 weeks of gestation. Antenatal ultrasonography demonstrated cardiomegaly
and aneurysm of the vein of Galen. A 3,290 g male baby was delivered by elective cesarean section at 37 weeks of gestation. Physical
examination was remarkable for tachypnea, hyperdynamic precordium with a continuous murmur, cranial bruit and bounding carotid pulses.
Magnetic resonance angiography confirmed vein of Galen aneurysmal malformation and demonstrated the vessels feeding the aneurysm.
Postnatal management included aggressive medical treatment of cardiac failure and transarterial embolization of the vessels feeding the
aneurysm at 3 days of age. Posthemorrhagic hydrocephalus developed after embolization, and a ventriculo-peritoneal shunt was placed at 29
days of age. Presently, the patient is 4 years of age and has no neurological abnormality at follow-up. Vein of Galen aneurysmal malformations
can cause severe morbidity and mortality in neonates. However, careful obstetric follow-up and early postnatal endovascular treatment of these
malformations may lead to a favorable outcome.
Copyright  2011 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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Vein of Galen aneurysmal malformations (VGAMs) are
rare intracranial arteriovenous malformations, which can
cause severe morbidity and mortality in neonates. Prenatal
diagnosis may be achieved by real-time and Doppler sonog-
raphy with color flow imaging or magnetic resonance imaging
(MRI). Antenatal MRI can show the malformation in three
dimensions and depict the exact anatomy of the dilated
channels and thrombosis if any.1e3
Patients with VGAM have varying age-related clinical
presentations. Fetal manifestations have included nonim-
mune hydrops, hydrocephalus and intracranial hemorrhage.4* Corresponding author. Dr. Leyla Karadeniz, Department of Pediatrics,
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output cardiac failure in the neonatal period. An elevated
cardiac output may be correlated with the magnitude of the
cerebral arteriovenous shunt.2,5 The low systemic resistance
of the fetus in utero can decrease the flow through the
malformation and minimize cardiac decompensation, but
the sudden increase in systemic vascular resistance
encountered at the time of delivery will result in a much
greater diversion of flow through the malformation.6
Evidence of progressive cardiac dysfunction in utero is
a grave sign, indicating a high-flow lesion that may not
respond to therapy.7
Management is a major therapeutic problem. Neuroradio-
logical intervention has been shown to control cardiac failure,
but there is a perception that neurological outcome in survi-
vors is poor.8 Here, we present a male neonate with VGAM
diagnosed prenatally and treated with early endovascularhinese Medical Association. All rights reserved.
Fig. 2. This picture shows coils that have been placed during transarterial
embolization of vein of Galen malformation.
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without neurological deficits or developmental retardation.
2. Case report
A prenatally diagnosed patient with VGAM was referred to
our hospital at 35 weeks of gestation. Both pulsed-wave
Doppler and colorevelocity imaging studies confirmed aneu-
rysm of the vein of Galen and cardiomegaly. Prenatal ultra-fast
MRI was used to view the malformation in three dimensions.
A 3,290 g male baby was born at 37 weeks’ gestation by
elective cesarean section to a 31-year-old woman. Apgar
scores were 9/9 at 1 and 5 minutes, respectively. Physical
examination was remarkable for tachypnea, hyperdynamic
precordium, a grade 2/6 continuous murmur and bounding
carotid pulses. A loud continuous bruit was audible all over
the cranium. The baby’s head circumference was 36.5 cm
(>90 p), and cranial sutures were separated.
Chest radiography immediately after birth showed car-
diomegaly. An echocardiogram performed at 1 hour of life
revealed pulmonary hypertension, tricuspid regurgitation and
patent foramen ovale. Head ultrasound scan demonstrated
a large, midline venous structure. MRI and magnetic reso-
nance (MR) angiography showed VGAM and the vessels
feeding the aneurysm. The rest of the brain parenchyma and
ventricles were normal (Fig. 1). Since the baby had signs of
cardiac decompensation, in addition to medical treatment of
cardiac failure, transarterial embolization was performed at 3
days of age (Fig. 2). Microcoils were placed into several
feeding arteries by an arterial approach, resulting in a marked
decrease of flow through the malformation. However, the
patient had a left focal seizure, signs of severe cardiac failure
and hypertension after the embolization. He requiredFig. 1. (A) Magnetic resonance imaging and (B) magnetic resonance angi-
ography show vein of Galen aneurysmal malformation and the vessels of the
feeding. (C) Magnetic resonance imaging and (D) magnetic resonance angi-
ography show vein of Galen aneurysmal malformation has decreased in size
after embolization.ventilatory support. Cardiac failure was treated with digoxin,
dobutamine, and furosemide. Captopril was used to treat
hypertension.
Repeat head ultrasound demonstrated right intraventricular
hemorrhage at 4 days of age, and posthemorrhagic triventricular
hydrocephalus developed consequently. A ventriculo-peritoneal
shunt was placed at 29 days of age. After shunting, requirement
for medical treatment decreased. The patient was on room air,
feedingwell, and gainingweight.At 44days of age,MRI andMR
angiography showed that the aneurysmal dilatation of the vein of
Galen had markedly thrombosed and the degree of hydroceph-
alus had decreased (Fig. 1). Hewas discharged at 65 days of age.
At 4 years of age, there is no evidence of cardiac failure, he does
not require any cardiac medications, and he has normal head
circumference and neurologic development.
3. Discussion
VGAM is known to be associated with various structural
cardiac anomalies, of which sinus venosus atrial septal defect
and coarction of aorta seem to be the most common.9 McEl-
hinney et al.10 reported partial anomalous pulmonary venous
connection, ventricular septal defect and atrioventricular canal
defects to be other frequent associations. Our case had
pulmonary hypertension, tricuspid regurgitation and patent
foramen ovale which were not structural cardiac lesions.
Management is a major therapeutic problem, in spite of the
recent advances in radiologic diagnosis, neonatal intensive
care, and neurosurgery. The principal approaches to treatment
in the newborn involve attempts to eliminate the high flow
through the vascular lesions, either by arterial embolization,
usually with a liquid adhesive agent or microcoils, or by
venous embolization, with placement of metal coils.11
Aggressive medical treatment of cardiac failure and early
neurointervention combined with modern neuroanesthetic and
neurointensive care results in good survival rates with low
morbidity, even in cases of high-risk VGAM presenting in the
immediate perinatal period with cardiac failure.12 If medical
management of cardiac failure fails, and there is no evidence
of gross cerebral parenchymal damage on imaging, urgent
endovascular treatment is feasible and can reduce the almost-
100% mortality otherwise expected, without invariably severe
morbidity.5
Table 1
Clinical presentation and outcomes of 15 neonates with vein of Galen aneurysmal malformations
Authors Time of diagnosis Symptoms Management Outcome
Has et al.3 Antenatal (34 wk) CCF Aggressive treatment of CCF Death (3 d)
Sasidharan et al.4 Antenatal (33 wk) CCF Aggressive treatment of CCF Death (6 d)
Postnatal (30 hr) CCF, HS Aggressive treatment of CCF Death (2 mo)
Mitchell et al.5 Postnatal (8 hr) CCF Multiple embolization Normal
Antenatal (31 wk) Mild CCF Multiple embolization Normal
Postnatal (2 hr) CCF Embolization Death (2 d)
Postnatal (36 hr) CCF Multiple embolization Moderate developmental
delay
Postnatal (38 hr) CCF Multiple embolization Normal
Frawley et al.12 Postnatal (38 hr) CCF Embolization Normal
Antenatal (36 wk) CCF Multiple embolization Death (24 d)
Antenatal (38 wk) CCF Multiple embolization Normal
Antenatal (32 wk) CCF Multiple embolization Death (29 d)
Maheshwari et al.14 Antenatal (28 wk) CCF Embolization Death (29 hr)
Jones et al.15 Antenatal (36 wk) CCF Embolization Death (24 hr)
Postnatal Mild CCF Multiple embolization Normal
CCF ¼ congestive cardiac failure; HS ¼ hydrocephalus.
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treated with endovascular embolization. Of 216 patients, 23 died
despite or because of the embolization (10.6%).Twenty out of the
193 (10.4%) surviving patients were severely retarded, 30
(15.6%) were moderately retarded, and 143 (74%) were neuro-
logically normal on follow-up. Their data demonstrated thatmost
treated children survive and undergo normal neurological
development. Our case has no neurological abnormality at 4
years of age.
Our patient underwent MRI with MR angiography as part
of his diagnostic evaluation. MRI is mandatory before endo-
vascular treatment, to assess the brain parenchyma. MRI has
a prognostic value, allowing the decision for therapeutic
approach. MR angiography is mandatory at the time of
endovascular treatment. It not only confirms the aneurysm, but
also provides details of vascular anatomy and helps to plan the
treatment.14
We observed intraventricular hemorrhage after emboliza-
tion in our case. In neonates, the bleeding is presumed to arise
from immature vessels in the choroid plexus or germinal
matrix that cannot tolerate the significant increase in pressure
and volume associated with occlusion.15
Table 1 summarizes the clinical details and outcomes of 15
neonate cases published in the past 10 years. Without inter-
ventional neuroradiology and embolization, the prognosis is
poor for neonates whose primary presentation is severe cardiac
failure secondary to VGAM. When cardiac failure cannot be
controlled with medical therapy, early endovascular emboli-
zation may allow successful treatment of these neonates.
Prenatal diagnosis and early intervention by transarterial
embolization produced a good outcome in our case. He
recovered very well without any sequelae. Prenatal diagnosis
provides the opportunity to plan the delivery of the baby at
a center where immediate and definitive care can be provided.
Patients diagnosed with VGAM should be transferred to
a tertiary neonatal intensive care unit where a pediatric
neurologist, a cardiologist, an interventional neuroradiologistand a neurosurgeon for management of the infant are avail-
able. Timely diagnosis and appropriate interventions of this
condition may lead to a favorable outcome.Acknowledgments
We thank Professor O. Minareci, M.D., Department of
Diagnostic and Interventional Neuroradiology, Dr. F. Narter,
M.D., and G. Kara, M.D., Department of Pediatrics, Istanbul
University, for their ongoing clinical support.References
1. Gailloud P, O’Riordan DP, Burger I, Levrier O, Jallo G, Tamargo RJ, et al.
Diagnosis and management of vein of Galen aneurysmal malformations.
J Perinatol 2005;25:542e51.
2. Paternoster DM, Manganelli F, Moroder W, Nicolini U. Prenatal diagnosis
of vein of Galen aneurysmal malformations. Fetal Diagn Ther 2003;18:
408e11.
3. Has R, Gunay S, Ibrahimoglu L. Prenatal diagnosis of a vein of Galen
aneurysm. Fetal Diagn Ther 2003;18:36e40.
4. Sasidharan CK, Anoop P, Vijayakumar M, Jayakrishnan MP, Reetha G,
Sindhu TG. Spectrum of clinical presentations of vein of Galen aneurysm.
Indian J Pediatr 2004;71:459e63.
5. Mitchell PJ, Rosenfeld JV, Dargaville P, Loughnan P, Ditchfield MR,
Frawley G, et al. Endovascular management of vein of Galen aneurysmal
malformations presenting in the neonatal period. AJNR Am J Neuroradiol
2001;22:1403e9.
6. Ciricillo SF, Edwards MS, Schmidt KG, Hieshima GB, Silverman NH,
Higashida RT, et al. Interventional neuroradiological management of vein
of Galen malformations in the neonate. Neurosurgery 1990;27:22e7.
7. Yuval Y, Lerner A, Lipitz S, Rotstein Z, Hegesh J, Achiron R. Prenatal
diagnosis of vein of Galen aneurysmal malformation: report of two cases
with proposal for prognostic indices. Prenat Diagn 1997;17:972e7.
8. Nelson M, Dickinson DF, Wilson N. Transtorcular coil embolization of
malformations of the vein of Galen-rapid resolution of heart failure in
neonates. Int J Cardiol 1988;18:437e41.
9. Friedman DM, Rutkowski M, Madrid M, Berenstein A. Sinus venosus
atrial septal defect associated with vein of Galen malformations: report of
two cases. Pediatr Cardiol 1994;15:50e2.
137L. Karadeniz et al. / Journal of the Chinese Medical Association 74 (2011) 134e13710. McElhinney DB, Halbach VV, Silverman NH, Dowd CF, Hanley FL.
Congenital cardiac anomalies with vein of Galen malformations in infants.
Arch Dis Child 1998;78:548e51.
11. Kleindienst A, Hildebrandt G, Klug N, Schon R. Management of vein of
Galen malformations: a review based on five neurosurgically treated cases
and literature reports. Zentralbl Neurochir 1999;60:172e82.
12. Frawley GP, Dargaville PA, Mitchell PJ, Tress BM, Loughnan P. Clinical
course and medical management of neonates with severe cardiac failure
related to vein of Galen malformation. Arch Dis Child Fetal Neonatal Ed
2002;87:144e9.13. Lasjaunias PL, Chng SM, Sachet M, Alvarez H, Rodesch G, Garcia-
Monaco R. The management of vein of Galen aneurysmal malformations.
Neurosurgery 2006;59:184e94.
14. Maheshwari PR, Pungavkar SA, Narkhede P, Patkar DP. Images in radi-
ology. Vein of Galen aneurysmal malformation: antenatal MRI. J Postgrad
Med 2003;49:350e1.
15. Jones BV, Ball WS, Tomsick TA, Millard J, Crane KR. Vein of Galen
aneurysmal malformation: diagnosis and treatment of 13 children with
extended clinical follow-up. AJNR Am J Neuroradiol 2002;23:
1717e24.
